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type II in the transitional and contact areas was decreased af-
ter 8 weeks of immobilization. Immunostaining of aggrecan was
observed between the surface and the tidemark of the articular
cartilage and decreased after 4 weeks of immobilization (Figures
4 and 5). Immunostaining of collagen type I was increased at hy-
pertrophic differentiated chondrocytes in the transitional area and
superﬁcial chondrocytes in the non-contact area (Figures 6 and
7). Immunostaining of MMP-13 was observed at the hypertrophic
differentiated chondrocytes in the transitional area (Figures 8, 9).
Expression levels of collagen type II mRNA and aggrecan was
decreased, however, expression of MMP-8 and -13 mRNA was
increased by quantitative PCR (Figures 10 and 11).
Conclusions: Different mechanisms of the articular cartilage de-
generation after immobilization were observed at the three speciﬁc
areas. Altered mechanical stress distribution is one possibility of
these different changes.
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Purpose: Plasmin is a serine protease that is generated from
the ﬁbrinolytic pathway and activates matrix metalloproteases. Be-
cause it activates enzymes associated with cartilage degradation
and has been found in high concentration in human OA bone
and cartilage, plasmin has been implicated in the pathogenesis of
OA. How the ﬁbrinolytic pathway is activated in OA is unknown.
We have presented to this meeting the observation of decreased
perfusion consistent with hypoxia which may be physicochemical
biomarkers for eventual OA lesions in guinea pigs. In other organ
systems, hypoxia upregulates the inhibitor of ﬁbrinolysis, plasmino-
gen activator inhibitor (PAI-1) and elevations in PAI-1 have been
described in OA. It is therefore difﬁcult to reconcile observations
of decreased perfusion and hypoxia with elevation of plasmin in
OA. These studies were undertaken to examine a role for hypoxia
in plasmin generation in OA and describe a unique association
between physical and chemical pathways in early OA which could
be of use diagnostically or targeted for therapy.
Methods: Human OA osteocytes were isolated from tibial bone
removed at TKR (n=10). Inclusion criteria were primary OA with
varus angulation. Exclusion criteria included smoking, hormone
therapy, or coincident drugs with known activity on bone. Osteo-
cytes were isolated with 0.25% trypsin/0.2% dispase/0.4% col-
lagenase digestion. Osteocytes were plated at 1M/ml and were
grown to conﬂuence in Promocell osteoblast growth media. All
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cells were studied at passage 2. Immunohistochemical staining for
alkaline phosphatase, osteocalcin, and collagen I conﬁrmed the
maintenance of osteocytic phenotype. Cells were treated at either
normoxia (20%) or hypoxia (1%) for 2-16 hours. Hypoxia was
achieved with a Biospherix Environmental Chamber. qPCR and
ELISA were done for gene expression and protein concentration
respectively for plasminogen, urokinase and tissue plasminogen
activator (uPA and tPa) and PAI-1. Plasmin activity was assessed
with a functional assay with the speciﬁc substrate S2251.
Results: By two hours of hypoxia, plasmin expression increased
from 4.3±0.4 to 8.9±0.3 (P < 0.001). Plasminogen, uPA and
tPA gene expression increased signiﬁcantly (Fig. 1a, b). However,
PAI-1 gene expression was not increased at any time point (Fig.
2). Protein concentration followed the same pattern at 2-4 hours
of hypoxia (Table 1). PAI-1 protein was not signiﬁcantly increased.
Figure 1. (a) Plasminogen gene experssion. (b) PA gene expression.
Figure 2. PAI 1 gene expression.
Conclusions: Decreased perfusion and hypoxia have been ob-
served both in human and experimental OA bone. This study
demonstrates that hypoxia activates the ﬁbrinolytic pathway in hu-
man OA osteocytes resulting in increased plasmin generation but
reveals a defective response in PAI-1. The lack of PAI-1 expres-
sion in OA osteocytes is at variance with increases in PAI-1 by
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Table 1. Protein Expression
Normoxia Hypoxia P <
Plasminogen 1.5±0.3 2.5±0.3 0.03
uPA 0.3±0.06 1.0±0.3 0.04
tPA 2.5±0.4 6.1±1.4 0.03
PAI-1 15.4±3.7 23.0±4.4 0.20
hypoxia in other tissues such as lung. We suggest that defec-
tive PAI-1 response to hypoxia in OA bone, permitting increased
plasmin generation, is a feature in the pathogenesis of OA and is
associated with an altered physicochemical environment in bone.
If so, this describes a speciﬁc defect that may provide insight into
linkages between physical and chemical pathways that could be
useful in early diagnosis or therapy.
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Purpose: Traumatic joint injury damages cartilage and releases
inﬂammatory cytokines from adjacent joint tissues, increasing the
risk of developing osteoarthritis. Previously, we reported that
mechanical injury increased the catabolic effects of TNF-α in
immature bovine and adult human articular cartilage, and that
endogenous IL-6 played a role in proteoglycan loss caused by
injury+TNF-α treatment. Glucocorticoids such as dexamethasone
can inhibit expression of inﬂammatory genes. In this study we
hypothesized that the combination of mechanical injury and TNF-
α would up-regulate expression of proteins involved in catabolic
and inﬂammatory processes, and that short-term dexamethasone
treatment would prevent cartilage degradation by suppressing the
production of matrix-degrading enzymes and cytokines.
Methods: Cartilage disks (3 mm diam., 1 mm thick) were har-
vested from the middle zone of the femoropatellar grooves of
1-2-week old calves. Location-matched disks were either injuri-
ously compressed (50% strain, 100%/second strain rate) or main-
tained free-swelling, cultured in medium with or without rhTNF-α
(25 ng/ml), and in the presence or absence of dexamethasone
(10nM). Culture was terminated after 6 days of treatment. DMMB
dye was used to quantify sGAG released into the medium. Disks
were radiolabeled during days 4-6 with 5 μCi/ml 35SO-24 and
10 μCi/ml 3H-proline to assess proteoglycan and total protein
synthesis. In parallel tests, cartilage disks from 6 animals were
ﬂash-frozen after 4 days of treatment. RNA was extracted, re-
verse transcribed and the mRNA levels for 24 genes of interest
(proteases, matrix molecules, cytokines, growth and transcription
factors) were measured using qPCR (ABI 7900HT). Within each
condition, RNA copy numbers of each gene were normalized to
